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Deaerlpllon 

There are numerous inBtancoa whore It Is desirable to subject water soluble er water ewellable polymere to some 
working operaileo. Examples o( such working operations Include comminuting the polymer, reducing the water content 
s of polymer gel. removing Impurities from the polymer, chemically modifying the polymer by chemical reaction, and 
fransporting the polymer, tor ineiance from one patt of a manulacturers plant to another. 

II is possible to conduct some, but not all, of these operations on the polymer while it is in powder form but this 
necessitates lhai the polymer shall first have been converted to a powder and it has the disadvantage that the powder 
is often dusty, creating handling problems. 
10 li 18 possible to conduct some, but not all, of the working operations whilst the polymer is present as an aqueous 

solution but this has the disadvantage that very largo volumes have to be handled as water soluble polymers, especially 
high molecular weight polymers, tend to give very high solution viscosities and so the solution concentration has lo be 
low. 

It IS possible to conduct some, but not all, of the working processes whilst the polymer Is dispersed In oil or other 
'5 suitable non-aquoous liquid but this has the disadvantage that the polymer is then contaminated with the non-aqueous 
liquid. 

A particular problem an'sss when the working involves conversion of a rigid aqueous gal of the polymer Into par- 
ticles. It is standard practice to divide the rigid gel into granules and then comminute the granules to the desired particle 
size and dry the particles. 

f The comminution and drying is normally etieclad by one o( two methods. In one method, typified by the process 

described in US Patent 371 41 36, the gel granules, optionally after partial drying, are cut in air to the desired particle 
size (in one or more stages) and are dried in air. In another process that is applicable to eoma polymers, the gel granules 
are milled in excess methanol in one or more stages and the resultant partkrles are separated from the methanol. 
The method involving comminution in air has the advantage that it is simple and relatively quick lo operate, doss 

:s not involve handling organic solvents and is applicable to substantially all gol polymers. It has the disadvantage that 
it can give a rather wido range of particle elzos, Involves relatively high energy costs and can cause heating ol the gel 
particles which may in some instances deloteriously affect the partkries or the polymer, and the particles may agglom- 
erate. The method involving comminution In methanol avoids or minimises some of those disadvantages and has ihe 
advantage That it results In some extraction from the gel of unwanted impurities, as well as water. However, the process 

30 IS inconvenient to operate and incurs the serious disadvantage of the nood to handle and recover toxic, flammable 
solvent and involvee large loss of solvent. 

The particles obtained by either method swell and/or dissolve upon contact with water Unless known precautions 
are taken ihsrs Is a tendency for the panicles temporarily to form an agglomerated mass upon initial contaci with the 
Winter. 

35 To fHCilliate dissolution into water wilhoul agglomeration it is known to make a liquid dispersion of dry polymer in 

a non-aqueous liquid. In one method polymer powder, lor Instance made by one of the methods described above, is 
milled in a glycol so as to form a substantially stable dispersion of the dry polymer particles In Ihe glycol. Such a process 
is described in US Patent 3985651. In U.S. 4,118,355 dry polymer is dispersed in one or a blend o( water immiscible 
solvents (e.g,, methanol and a glycol ether) in which it is insoluble but it dissolves in the presence of water 

Other methods of facilitating disaoluilon ot polymer particles into water involve polymerisation of aqueous monomer 
in a non-aqueoua liqukJ. optionally with dehydration of Ihe resultant dispersion, and the distribution of thai dispersion 
into dllulion water in the presence of an oil in water emulsitier However, this results In the dilution water being con- 
taminated with the non-aqueous liquid, and also with the emulsitier 

M has been proposed In U.S. 4,380,600 to make a dispersion of water soluble polymer, that Is said lo be present 

*s as microscopic particles, in aqueous media by polymerisation in Ihe presence of an aqueous solution of defined, dll- 
tcrenl, water soluble polymers, the amounts ol water, monomer to form the particles of polymer, and dissolved polymer 
being within dofirod limits. As the particles of polymer are said to be microscopic the particle size presumably Is, at 
the most, only a few ^m. The dispersed polymer must be chemically different from the dissolved polymer and so the 
process is only applicable to the production of products based on chemically different polymer types. Although U.S. 

so 4,360,600 mentions the possibility of using a wide variety ol dissolved polymers in practice all the examples except 
two slabilisa the system using solely a non-Ionic dissolved polymer, The exceptions are example 5 where a dissolved 
blend of polyethylene Imlne and non-ionic polymer Is used to slabilias calionic panicles and Example 9 where a blend 
ol dissolved noo-ionk: and anionic polymer Is used to stabilise calionic panicles. 

U.S. 4.330,600 however does not coniribuie to a solution of the existing major problem, namely the problem of 

55 improving the methods ol working pre-formed water soluble or water swellablo high molecular weight polymer Such 
pro-formod polymers may have been made by established techniques that have boon optimised over the years, such 
as gel polymerisation, end so would be expected lo have propenios far superior to the properties made by the now 
polymerisation process of U.S. 4,380,600. 
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In U.S. 4,525.515 (FR 2,531 ,093} ll Is proposed to maks a coneeniraied suspension of water soluble polymer by 
a method thai Involves the Incorporaiion of surfactant The rasuliant suspensiOT theratora necessarily contains a large 
amount of surfaciam and so will Inevitably carry surfactant into aqueous compositions formed from the suspension. 
This can be undesirable, for instance from an environmental point of view. 
s In U.S 4,487,866 a process is describsd in which anionic polynner Is rendered mora dispersibis in water as a result 

of treatment with, lor Instance, a cationic polymer and an inorganic sail. The treatment can be conducted In a polar 
liquid. Methanol and isopropanol are said to be preferred but water is menlioned. The product can then be dried to 
form a damp solid. 

None of Ihsso proposals meet the desired objective of the provision of an aqueous suspension of a water soluble 
'0 or water swellable polymer thul Is stable and that, when used, does not carry unwanted maierial. in particular surfaciani, 
into the environment. 

In the Invention a water ewollablo or water soluble high molecular weight polymer is dispersed into a liquid phase 
to form a fluid composition comprising the polymer in the form of gel particles Interconnected by the liquid phase and 
the polymor Is worked wtiile present as the fluid composliion, and the process Is characterised In that the gel panicles 
IS have a size during the working greaior then 20 pm and the liquid phase Is an aqueous solution of an equilibrating agent 
that subslr^nlially prevents aggregation of the panicles or dissolution of the polymor during the working, the concen- 
tration of squillbrating agent in the aqueous solution Is above 10% but below 70% by weight, the ratio (dry weight) of 
high molecular weight polymer to equilibrating agent is from 1 :0.3 to 1 :10, the ratio (by weight) of the aqueous solution 
lo gal particles Is from 0.5:1 to 10:1 and (he gel polymer and equilibrating agent are selected from the combinations 

Po of gel polymer and equilibrating agent consisting of: (a) the gel polymer is an anionic polymer and the equilibrating 
agent Is a water soluble anionic polymer of ethylenlcally unsaturated monomers, a blend o1 water soluble cailonic 
polymer ol ethylenically unsaturated monomers with Inorganic salt, or polydlallyldimethyl ammonium chksride; (b) the 
gel polymer is a cationic polymer and the equilibrating agent Is a water soluble cailonic polymer of ethylenically un- 
saturated monomers, polyethylene imine. polydimethylamine epichlorhydrin or a blend ol water soluble ank»nic polymer 

^fi of ethylenically unsaturated monomers with inorganic salt; (e) the gel polymer is a non-lonic polymer and the equili- 
brating agent is a water soluble anionic polymer ot ethylonically unsaturated monomers or a water soluble cationic 
polymer of olhylonically unsaturated monomers; and (d) the gel polymer Is a ceilulosic or starch polymer and the 
oquilibrating agent is a water soluble anionic polymor of ethylenically unsaturated monomers. 

Thus in the invention polymer can be made by established techniques and the pro-lormod polymar is then convened 

30 inio the form of the fluid composition and subjected to the working processes whilst in this form. The equilibrating agent 
prevents aggregation of the particles or dissolution of the polymer during the working to the extent necessary to permit 
the working to be conducted without the polymer particles being converted to a viscous solution or an agglomerated 
rubbery mass. The equilibrating agent may result in the aqueous solution being, eventually, in total equilibrium with 
the aqueous medium so that the fluid composition has prolonged stabiliiy However total stability In this manner is not 

3f necessary provided stability does prevail during the working process. The working process generally Involves agitation 
of the fluid composition and so any tendency tor the individual particles to stick to one another during the working can 
be prevented by this agitation. The working process may also last a lew seconds or minutes and so even though there 
may be a tendency towards aggregation or dissolution of the polymer this is not a serious factor during the short working 
period. 

<D Conventional stabilisation ol dispersions of polymer panicles in waior usually requires a stabiliser thai acts by 

increasing Ihe viscosity of the water significantly and/or by forming a water Insoluble film around the panicles lo Keep 
them separate Irom one another. It appears that the oquilibrating agent does not v«>rk by one of these mechanisms 
although it is possible that a film ol equilibrating agent may form around each gel particle to keep tho particlss separate 
from one another and tlowablo with respect to one another during the process. The equilibrating agent must result In 

« Ihe gol and the aqueous medium being heW In substantial equilibrium, i.e., without serious dissolution or aggregation, 
during the process. Tho equilibrating agent may maintain the initial waler contents of the aqueous solution and the gel, 
so as to prevent any substantial net transfer into or out of tho gel and lor many purposes the polymers and equilibrating 
agenis should be selected such that the net transfer ol water is not more than 25%, preferably not more than 10% and 
most preferably not more than 3% by weight of the gel. However, if the polymer is introduced into the gel as dry particles 

SO they will equilibrate with the aqueous medium lo form rigid gel panicles which will than be In substantial equilibrium 
with the aqueous medium. A particularly preferred process is one In which Ihe equilibrating agent is such that there Is 
net iransler of water from the gel into the aqueous medium, Ihe amount of water iransterring from the gel being up to, 
lor insianco, 40 or even 50%, and sometimes more, by weight ol Ihe gel that is introduced Into the fluid composition. 
At some stage during the working, the gel particles have a size of a! least 20 \irr\. Often they have such a size at 

5f Ihe and ol the working operation but they may be comminuted during Ihe working to a size less than 20 \irr\. Often the 
panicle sliio at iha end of the working operation (and at the start of the operation II there is no size reduction during 
the working) Is at least 50 )im and usually at loasl lOO nm. It may bo up to, for Insianco, 5 mm but is generally below 
2 or 3 mm with iho average particle size often being In tho range 200 m to 2 mm. typically 0,5 to 1 mm. The proportions 



3 



OCT-eS-9S 02:10 PM MICROPftTENT 



203 466 51S0 



P . 05 



EP0 169 674 B2 

of fluid medium and panlelee are prelerably such that the gel particles appear io be substantially in cooiaci with one 
another, being separated by a film of tha aqueous medium, and generally the amount of aqueous medium Is insufficient 
for the panicles to appear to separate totally from one another, as in conventional dispersions. 

A preferred working method ol the Invention comprises milling tha Qa\ particles whilst In the fluid composition and 

* Ihen separating the milled gel particles from the aqueous medium. 

Tha milling of ihe gel In aqueous medium can be effected by, for example, passing very large pieces of gel in the 
presence of the aqueous medium into suitable milling apparatus. For Inelanco slebe or blocks of gel 500 mm or mora 
in Ei2a may bo forced with aqueous medium into and through an extruder and chopper that reduces the gel to the 
dosirod particle size. Usually however a fluid dispersion is formed initially of gol granules In the aqueous medium and 

10 this dispersion is then milled by any convenient apparatus for milling aqueous dispersions. A suitable apparatus is an 
In-line Silvorson mixer. Tho milling may be effected in a single pass through the mixer or Ihe suspension may be passed 
through two or more mixora in series or through one mixer two or more times. The milling conditions are preferably 
selected In known manner such that the milled gol partlclos have a gel particle size below 5 mm and most protorably 
in Ihe range 0.1-3 mm. 

'5 The aqueous gel granules are generally fragmants obtained by fragmenlisation ol a mass of rigid aqueous gel, for 

instance as obtained by bulk aqueous gel polymerisation. This fragmentisalion may be conducted in conventional 
manner, (or instance by cutting a mass of gel Into pieces and/or by extruding a mass of gel through coarse orifices, 
optionally cutting the gel before or after Ihe sxirueion. The fragments or other granules generally have a particle size 
of at least i , 2 or 3 mm, and normally at least 5 mm, and may be as large as 200 mm or more, particle sizes in the 

^0 range 5 to 100, preferably 5 to 30 mm being typical. 

Instead of introducing the polymer in the form of rigid aqueous gel it can be Introduced as, lor instance previously 
dried granules which are added to the aqueous medium In dry form, whereupon they will equilibrate with the medium 
to form rigid aqueous gel granules. The dry granules may be obtained by, for instance, bead polymeriaatk>n in a non- 
aqueous liquid or Oy sieving oversized particles from a powdered polymer made by any eonvenisni method, Thus the 

?5 milling method of iho invonllon has tho advantage that it can either be used as the primary production technique for 
powderod polymer or as a way of converting to lower particle size coarse particles made by some other techniquo. 
Similarly polymer that Is to be worked in some other manner, e.g.. chemical reaction, may be introduced as gel or dry 
particles Othor ways of making Ihe starting polymer panicles include precipitation polymerisation, emulsion or disper- 
sion polymonsation with coagulation and optionally drying, and spray drying a polymer emulsion or dispersion. 

30 The disporsion of tha granules in Iho aqueous medium does not have to be wholly stable but must remain fluid 

and so if there is a tendency for the granules to separate from the dispersion the disporsion must either be milled 
sufficlsnlly quickly alter formation that there is no serious settlement or tho dispersion must bs stirred to prevent set- 
tlement or Ihe granules, if ihey settle, must be capable ol being readily dispersed into the dlspersnn by agitation 
Similarly the milled dispersion need not be fully stable provided Ihe particles are separated from it before serious 

3S settlement occurs, 

The milled gel particles may then be separated from the aqueous medium by contrlfuging or othor convenient 
liliralion or separation process and may then be dried. Although drying is generally conducted In direct contact with 
warm air. 0 g , 20 to 90, often 10 30 to 70*C for instance in a fluidisod bed 11 can also be conducted by other molhode, 
For instance the separated particles may be dispersed Into a suitable non-aqueous liquid and then may be dried by 
*o azeotroplng, generally under reduced pressure. Often tho disperskjn in the non-aqueous liquid is sufficiently stable, 
duo to tha presence of the equilibrating agent on the panicles, that it can be azeotroped without providing additional 
stabiliser, but II neceesary conventional, generally water insoluble, polymeric stabiliser or other dispersing agont may 
be added to increase stablity during tha azeotroplng. 

The milling conditions can easily be selected such that the resultant powder has a dry particle size within a range 
ol, for Instnnca 75 \im to 4.5 mm, preferably 260 i^m to 2.5 mm. The product can be substantially tree of duel. 

A particular advantage of the Invention is that it is possible, for the first lime, to produce a milled product having a 
very narrow spread of particle sizes and, in particular, that Is free of dust. Conventional dry grinding of gel polymer 
inevitably produces a lot of dust. Milling In organic liquids such as methanol Incurs toxicity and flammabliity problems 
and milling in, lor instance, polyhydric alcohols can additionally Incur the risk of cross linking the particles, By the 
so process of Ihe invenliort all these disadvantages are avoided and h is possible to obtain a product having a novel and 
narrow spread of particle sizes. Thus it is possible to make a product that Is substantially free of particles below 150 
iim and is preferably substantially free o! particles below 500 ^m. For instance less than 2% by weight may be below 
1 50 um, and less than 5%, most preferably less than 2%, by weight below 500 ^m. The majority of the product may 
be less than 2 mm, for Instance with at laasl 20% by weight being from 500 um to 1 mm and at least 20% by weight 
(rom 1 mm to 2 mm. Ae a result of eliminating Iho small particles, below 150 tim, Ihe free flow properties of the dried 
product is improved and the risk of agglomeration upon mixing Ihe particles with water is reduced. 

Anolhor advantage of the process is that the particles lend to be more regularly shaped than convoniional air 
ground panicles. 
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Another working process that can be conducted In the invention comprises partially drying the gel by holding the 
gel panicles In the aqueous medium and using as the aqueous medium a soiuiion that draws water out of the gel 
perlicles. and than separating the dry particles from the gel. They may Iheroaftar be dried in air or by azeotroping, as 
discussed above. They are generally held In the aqueous medium whilst stirring eo as to promote contact between the 
5 gel and the aqueous medium. Preferably the stirring Involves milling and so the reduction in water content of the gel 
may occur during lha milling process described above. 

For instance we have found surprisingly that aqueoue low molecular weigh! sodium polyacrylate solution generally 
containing 15 to 55% preferably 25 to 45% sodium polyacrylate can take substantial amounts ot water out of gel 
particles of substantially non-ionic or slightly anionic polyacrylamlda or copolymers ol acrylamide with up to. lor In- 
10 stance, 50% by weight sodium acrylate and so this affords a convenient way ol Increasing the solids content of the gel 
before having to evaporate water from the gel. Similarly the solids content of a eaiionle polymer gel, for Instance of 
dialkyl amino a'Kyl acrylate or mothacrylate, generally as a copolymer with acrylamide, can be Increased using a suitable 
cationic polymer, generally diallyl dimethyl ammonium chloride in aqueous solution as the equilibrating agent, the 
solution gonorally containing from 10 to 50%, prclerably 15 to 30%, by weight ol the dissolved polymer. Similar drying 
clfocts are obtainable with other anionic high molecular weight polymers, such as copolymers with other eihylenlcally 
unsaturated carboxyllc or sulphonic acids, and with other cationic polymers. Polymers to be dried by this tochniquo 
are preferably formed from 40 to 1 00% non-ionic monomers and 0 to 60% by weight ionic monomers. 

Another working process according to the invention comprises extracting water soluble Impurities from the gal by 
holding the particles in lha aqueous medium. Again It Is preferred to stir the panicles during the extraction and this 
^0 slirring is again conveniently provided by milling as described above. Sesi extraction occurs when there is a net transfer 
ol water out of the gel panlclee into the aqueous medium and so preferably the extraction occurs whilst partially drying 
the gel particles, as described above. By the invention It Is possible to obtain polymer having much lower impurity 
levels than are commercially available. When extracting impurities or dehydrating a gel the working Is often conducted 
for 10 to 60 minutes or longer, typically about 30 minutes, generally alter a milling step. 
if Another working method comprises flowing the fluid composition from one point to another For Instance it may 
bo pumped through a pipe or other suitable duct. This working process Is of panieular value for transporting the polymer 
gol perticloe from ono point, for instance whoro thoy are inlllally made as granules described above, to another point 
where they are, for instance, centriluged and dried. 

Another working process according to the Invention comprises subjecting the polymer to chemical modification 

30 while the particles are in the aqueous medium. The chemk:al modification Is normally conducted while stirring Iho 
particles In the aqueous medium. Suitable modifications that may be conducted include hydrolysis (for instance by 
incorporating sodium hydroxide In the aqueous medium when the gel polymer is polyacrylamlde) Hofman degradation, 
sulphomathylation or Mannich substitution, all using known reaction mechanisms. 

Another working process of the Invention involves dispersing the particles, usually after milling as described above, 

31 into a non-aqueous liquid so as to form a stable dispersion, with or without oil In water surfactant to facilitate distribution 
of the dieporsion into water. Conventional dispersion stabiliser may be included If desired. The gel particles may need 
to be milled to, lor instance, to below 10 |im to increaee stability 

An advantage of the invention is that the gel particles obtained in the process generally have a coaling of 1-20%, 
generally 2 to 10% dry weight, of equilibrating agent on them and this coating is more uniform than le obtainable by 
'0 any other technique, such as spraying, and the coating can be very benelleial. For Instance a coating of a water soluble 
ionic polymer on gel polymer particles facilitates the individual dissolution or distribution of the particles Into an aqueoue 
medium. 

The gol must be a rigid aqueous gel. By saying that It is rigid wo mean thai it has sufficient rigidity that It can bo 
worked without risk of those particles floviring into one another and generally has characteristics typical of gels thai are 

« air comminuted at present. Normally, the viscosity ol the gel Is 200 • Pa s at 25*C. The gel normally consists substantially 
only ol polymer and water, lha polymer content generally being at least 10% and preferably at least 25% b weight and 
generally being below 50 or 60%, and preferably bebw 45% by weight, these percentages being based on the weight 
ol polymer and water. However the gel may Include other components physically mixed into it, for instance Inorganic 
salts as described In European Patent Application No. 64302555.2 

so The gel polymers are formed from water soluble monomers or walsr soluble blends of monomers by gel polym- 

erisation or by any other convenient way of making soluble or swellable polymers. The polymers are usually water 
soluble but they may instead be only water swellable, lor instance, as a result of Including cross-linking agent in the 
monome(8. They normally have high molecular weight, generally above 0.5 million, preferably above i million, lor 
Instances to 30 million. They are useful as. tor instance, viscosifisrs and flocculents. 

is It Is necessary to use of at least 0.5 parts, and normally at least 1 part by weight aqueous medium per part by 
weight ol aqueous gel (I.e. based on the weight ol polymer and water in the gel particles). The amount is below 10 
pans, with convenient results generally being achieved with from 1 .2 to 5, prelorabiy around 2, pans by weight aqueous 
medium per part by weight aquoous gel. Expressed alternatively, the amount ol aqueous medium is generally V5 to 
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30, preferably 3 6 to 1 S, parts by weight per part by weight polymers In the gel. If the amount is too low iha benefits of 
wQr1»ing in the aqueous madium may be lost and the worked dispersion (and it appropriate, the Initial dispersion of 
granules) will not flow and will be difficult lo handle. If initially dry granules are used, larger amounts of aqueous medium 
must be provided In order that, after equilibration, the desired amou.ii of aqueous medium remains outside the gel 
particles. 

Equilibration is normally substantially complete before working but need not be and the worlted particles can Initially 
have a water content significantly below their equilibrium water content, 

The choice of equilibrating agent Is determined by the nature ol the oolymer A phenomenon similar lo osmosis 
may be utilised in the invention since if the ionic concentration in the aqueous medium is appropriate having regard to 
the ionic concentration of the gel granules or panicles there may be little or no tendency for water to transfer from one 
phass to ihe othor. However the polymer particles will have an inhoront tendency lo attract water, for instance by 
hydrogen bonding, irraspectivo of the ionic state and so the equilibrating agent may not be capable of being selected 
solely on the basis of conventional osmosis considerBllons. 

For instance although It Is known that cerraln Inorganic salts can be used In high concentrations to dehydrate 
aqueous gels, in the Invention salt can be used with the polymer 

The preferred combinations of gel polymer and equilibrating agont ere those that do not involve inorganic ealt and 
thus are combinations of anionic gel polymer and equilibrating agent that Is a water soluble anlonle polymer of aihyl- 
snically unsaturated nnonomers, cationic gel polymer and equilibrating agent that Is water soluble catlonic polymer of 
ethylenically unsaturated monomars, polyethylene imina or dimathylamine epichlortiydrin reaction product, and eom- 
binatiors (c) and (d). 

However dissolved Inorganic salt can be present. This water soluble salt may be introduced as a component ot 
Ihe gel, wlih consequeniial leaching from the gel granules into the aqueous medium, but often is deliberately added 
to the aqueous medium with the water soluble polymer, separate from the gel granules. 

If Ihe gel polymer is ionic Ihe dissolved polymer preferably Is co-ionic but in some instances may be counter-ionic, 
especially if inorflanic sail is included in the equilibrating agent. The inclusion of Inorganic salt Is also useful as a way 
ol reducing the amount of co-lonic polymer In solution that is required to give appropriate equilibration. Any salt of other 
equilibrating agent should be chemically inert during the process. Por Instance It should not undergo unwanted hydrol- 
ysis 

Generally non-ionic equilibraiing agents are not very satisfactory lor use with Ionic polymers. II the high molecular 
weight polymor is non-ionic (especially polyacrilamide, cellulosic or starch polymers) then the equilibrating agent can 
bs selected from anionic, and cationic materials. 

In one preferred process the high molecular weight polymer Is anionic and the equilibraiing agent comprises dle- 
solveO anionic polymer 

In another preferred process the equilibrating agent Is polydlallyl dimaihyl ammoniiim chloride, the high molecular 
weight polymer preferably being cationic. 

In another preferred process the equilibrating agent comprises a dissolved Ionic polymer in an amount of at least 
0 3 and generally at least 0,5 parts per part dry weight of the high molecular weight polymer 

In another preferred process the equilibrating agent comprises a dissolved polymer formed from at least one mon- 
omer thai is the same aa the monomer from which the high molecular weight polymer is formed, the equilibrating 
polymer and high molecular weight polymer preferably being homopolymers ol the same monomer or copolymers 
formed from the same monomers, either in the same or differeni proportions. 

In addition to selecting an appropriate material or mixture ol materials for use as the equllibrBling agont it is also 
necessary to soloci an amount of these materials to provide the desired effect. For instance II appropriate equilibration 
IS obtained at one concentration of the chosen rriatorial or blend of materials it will be lound thai upon reducing this 
concentration euffidently equilibration will be lost and a viscous solution or rubbery mass ol gel panicles will bo obtained, 
instead of the desired discrete rigid gel particios 

The aqueous medium should have low-viscosity and In particular will generally have a viscosity below 20 Pa • s 
at 2S°C, most preferably below 1 0 Pa - s at 25'C, and so the equilibrating agent should not cause a substantial increase 
in the viscoelty of Ihe aqueoue medium. Any polymer that is dissolved in the aqusoue madium must therefore be ol 
relatively low molecular weight, and will generally have a molecular weight below 600,000, often below 100,000, If 
cationic or non-ionic. Anionic dissolved polymers should normally have a molecular weight below 20,000 and preferably 
below 10,000 and most preferably below 6,000. 

Suitable high molecular weight anionic polymers thai can be utilised in the invention are water soluble or swellable 
sails of polymers of acrylic acid, mathyacrylic acid or acrylamldo methyl propane sulphonic acid (AMPS) or other 
othylonically unsaturated carboxyllc or sulphonic adds optionally copolymerised with each other or with non -ionic eth- 
ylenically unsaturated, generally acrylic, monomers such as acrylamldo. 

With such gel polymere the prelerred equilibrating agents are dissolved anionic polymers, preferably honnopoiy- 
mers ol sodium acrylale or acrylamldo methyl propane sulphonic acid (AMPS) sodium salt or other salts or other anionic 
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monomer, and copolymors with monomers that do not render the polymer irieHeclive, The solution typically is an aque- 
ous solution of 1 5 to SS%, preferably 30 lo 45%, by weighi. Instead of using the dissolved polymer alone the required 
conceniialion can be reduced by the addition of an Inorganic salt, such as sodium sulphate. 

Some caiionic polymers can be used as equilibrating agents for the anionic gel polymers, especially In the presence 

s of inorganic salt For Instance poly-diallyl dimethyl ammonium chloride (poly DADMAC) can be used typically as an 
aqueous solution of 10 to 50%. preferably 1 5 to 30%, by weight and polyvinyl pyridine salts. 

Suit;able high molecular weight cationlc polymers thai can be used In the invention are polymers of DADMAC, vinyl 
pyridine, methacrylamidopropyl Irimelhyl ammonium chloride (MAPTAC) and dimoihylaminopropyl molhacrylamide 
acid salts (DMAPMA) but, most preferably, are salts or quatarnary sails of di'alkylaminoelKyt-methaerylatee, -acrylates 

10 or -acryiamides, optionally eopolymerised with other acrylic or ethylsnically unsaturated monomers, generally non- 
ionic monomers such as acrylamlde. Suitable equilibrating agents for these cationlc polymers Include diesolvod cationlc 
polymers such as poly-DADMAC or other quaternary polymeric salts, polyvinyl pyridine salts, polyethylene iminos and 
certain anionic polymers, especially when mixed with salt. Non-ionic polymers are again generally unsatisfactory. A 
10 to 50"/s by weight aquoous solution of poly-DADMAC is preforrod. 

'5 Tha preferred non-ionic high molecular weight polymer that Is used in the Invention Is polyacrylamide but others 

that can bo used Include polyvinyl pyrrolldone, hydrolysed polyvinyl aceiats N-vlnyl N-methyl aceiamlde or formamide. 
As equilibrating agents there are preferably used a variety of dissolved anionic polymers such as those discussed 
above, lor inst^^nca sodium polyacrylale, or cationic polymers, for Instance poly DADMAC. 

All synthetic polymers used in the Invention are preferably formed from eihylenlcally unsaturated monomers, gsn- 
erally acrylic monomers. 

The dispersed gel pofymers can be natural or modified products, instead of the synthetic pofymors discussed 
above. For instance they can be non-ioonic or anionic end can ba cellulose derivatives such as methyl cellulose or 
hydroxy ethyl cellulose or sodium carboxymethyl cellulose. Starch derivatives may be used, lor Instance a starch acr- 
ylamlde and/or sodium aeryiata product, For these products the preferred equilibrating agents ars dissolved anionic 
26 polymers, particularly sodium aerylaie. 

Blends of polymers may be used as equilibrating agent, any blend preferably being co-ionlc. Thus a blend of 
anionic polymers or of cationlc polymers may be used. 

If salt is used as pan of the equilibrating agent the amount is generally from 0,3 to 5, most preferably 0.5 to 2, 
pane by weight per part by weight dissolved polymer. II (ho equilibrating agent can either Do a dlssotvod polymer by 
^° itsoll or a blond of that dissolved polymer with salt the amount of salt used in tha blend is generally from 1 to 3 parts, 
generally about 2 parts, by weighi salt per part by weight of the dissolved polymer that Is replaced by tha salt. For 
instance if the equilibrating agent can conveniently be 100 granw dissolved polymer simlar results may be obtainable 
with 50 grams dissolved polymer and 100 grams of the salt. 

If inorganic salt is used, it is usually an alkali metal or ammonium sail, often a sulphate or hallde. The preferred 
3* material is sodium sulphate but others that may be used include ammonium sulphate and sodium chloride. In general 
any material that will Ionise In tha aqueous medium can be used provided it does not doleteriously affect the gel polymer 
or any solution polymer in the dispersion and provided it is commercially acceptable in the final powder. 

Tha concentration of dissolved equilibrating agent in the aqueous medium will be above 10% by weighi but below 
70% and usually below 60%. II used by itsell the amount is generally at least 20%, and usually at least 30%, lor instance 
« up to 50%, by weighi of the aqueous medium but it used as a blend with a salt it may bo less, for Instance at least 1 5% 
by weight of the medium. The amount of the sail, it present, is generally at least 10%, typically 15 to 30%, by weight 
of the medium. 

The ratio by dry weight ot high molecular weight polymer lo equilibrating agent is from 1.0.3 (generally 1:0.5) to 
1:10, most proforabty 1:1 to 1:4, these values being particularly applicable when the equilibrating agent consists of 
45 dissolved polymer. 

Tho process is generally conducted without external healing, although the gel may Initially ba warm and the working 
may generate soma heat. Normally the fulid dispersion of gel granules is milled or otherwise worked substantially 
immediately it is formed and the worked panicles are generally separated from the dispersion substantially immedletaty 
afier working, so that any Insiablllly or swelling or dissolution of the polymer gel during prolonged contact with the 

so aqueous medium Is minimised. 

The milling process of the invention has the advantage that it is easy and quick to carry out, does not require the 
nigh energy and involve tha risk of overheating associated with comminution in air and does not Involve Ihe solvent 
handling problems associated with comminution in methanol. It has the particular advantage thai it can easily be op- 
erated to give a powder of a relatively narrow particle size range, and In particular a powder substantially free of dust. 

ss An important advantage of the invention is that the process can result in a major reduction In the conlont of water 
soluble impurities in the polymer powdor compared both to the impurity levels obtained when Ihe gel Is comminuted 
in methanol and, especially, when it is comminuted in air. Thus by the Invention it is possible to acnievo gols having 
oxiremGly low contents of unpoiymorisod monomer and of water soluble impurities. Also the powdor panicles obtained 
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in the Invention have a coating ot the aquiiibraiing agant and this can cause beneficial effects, depending upon the 
choice of equilibrating agent. For instance a coating of low molecular weight polynner can assist subsequent dispersion 
of the dried pol/rner panicles into water. Also Iho inclusion o( low moloeuler weight polymer wHh high molecular weight 
polymer can give improved performance properties. Conversely, it the low molecular weight polymer ia counter-ionic 
6 to the high molecular weight polymer (here can, in some instances, be a reduction in perfomfiance properties and so 
this Is en addilional (actor that should be had in mind when selecting the equilibrating agent for any particular gal 
polymer. 

In commercial operation of the process it is convenient lo reuse the aqueous medium resulling from the separation 
of the milled or otherwiaa worked gal particles from the agusous medium, with any required replenishment of water or 

10 polymer or removal of monomer or other extracted Impurliles. in the preferrd proceses in which there Is substantially 
no transler ol water between the aqueous medium and the gel particles substanlially the only replenishment required 
will bo roplacomont of equilibrating agent that Is coated onto the gel particles. A prelerred method according to the 
invention comprises slurrying gel particles into the aqueous medium, passing this slurry through one or more Sllvereon 
in-IIno mixers or other appropriate mills, separating the milled particles from the aqueous medium by centrifuging or 

rs otherwise (iltoring the milled slurry, drying the separated particles by fluidisad bed or other convenient air drying, and 
recycling the separated aqueous medium, with appropriate replonishmant of water and/or oquilibraling agent end pos- 
sible removal of Impurities, to the initial slurrying stage. 

In the following examples. Example 1 demonstrates a process according to the invention and Examples 2 and 3 
show the effect of carrying out a similar process wilh various combinations of gel polymers and aquiiibraiing agents. 

20 

Example 1 

A copolymer of 55 parts by weight sodium acrylate and 45 parts acrylamide having Intrinsic viscosity of 20 was 
formed by conventional aqueoue gel polymerisation as a mesa ol aqueous gel having 33% by weight solids content 
(67% by weight water). 

1.000 grams of this gel were diced into cubes having dimensions of approximately 10 mm and these cubes wore 
stirred into 2.000 grams of a 40% by weight solution of sodium polyacrylale having an average molecular weight about 
3,500. The resultant slurry was passed through an In-line Silvofson mixer fitted with an emuleor screen and then through 
a eerios of 1,000 |xm. 500 )im and 250 ^m sieves. The sodium polyacrylato solution was recycled to the container In 

30 which the slurry was formed. The gel collected on the 1 ,000 nm sieve (which accounted for at least 99% of the solids 
retained on the sieves) was eentrirugad in a basket centrifuge at about 5,000 revolutions per minute. The resulting 
centrituged gel crumbled readily and was then dried in a fluid bed dryer at 6S°C for about 30 minutes. Analysis of the 
aqueous medium before slurrying with tha gel and alter separation from the mined dispersion showed that the concen- 
tration of sodium polyacrylate had fallen by about 2% and since some polyacrylate was coated on the dried panicles 

SB ihis InoicatBd substantially no transfer of water between the aqueous medium and the gel panicles. 

The resulting powder was labelled A As a comparison powder B was made by comminuting another sample of 
the same gel in methanol followsd by separation of Ihe methanol and another product, labelled C, was made by com- 
minuting the corresponding gel In air foltowad by fluidised drying in conveniinoal manner The conieni of acrylic acid, 
acrylamide, ethylene cyanohydrin and beta-hydroxy propionamide in each of the products was determined by gas 

'0 liquid chromatography. The resulia are shown in Table 1 below, as percentages by weight based on the weight of 
polymer. 



TABLE 1 



Product 


Acrylic acid 


Ac^lamide 


Ethylene cyanohydrin 


Beta-hydroxy propionamide 


A 


0,435 


0.013 


0.118 


0.10 


e 


0.454 


0.019 


0.149 


0.14 


c 


0718 


0,042 


0.396 


0.32 



These results damonstralo the very low Impurity level, and in particular iho low level ot ethylene cyanohydrin, 
obtainable by the process of the invention compared to the Knovim procoseos. 

Example 2 

5* The process of Example 1 was repeated with other aqueous media with the results shown in Table 2. 

In this Table the following abbreviations era used 
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SA-sodlum acrylate polymer 
SMA-sodium methacrylaie polymer 
ACM-acrylamide polymar 
PVP-polyvinyl pyrrolldone 
6 PEQ-polvethylena glycol 

AMPS-sodium acrylamidc-2-me(hyl propane sulphonic acid 
PVA-polyvinyl alcohol 

NVNMA-N-vinyl-N-meihyl acelamide polymer 
DADMAC-diallyl dimethyl ammonium chloride polymer 
>o QOMAEMA-quatornieod dimethylaminoelhyl mothacrylate polymer 
MeCI-melhyl chloride 

QDMAGA-quatemised dlmathylaminoethyl acrylate polymer 
□MS-dimoihyl sulphate 
SS-sodlum sulphate 

IS 

The proportions ot monomers used in the Idenilfled copolymers are by weight. 
The following results were obtained. 



TABLE 2 



to 




Aqueous medium 


Observation of fluid milled dispersion 




1 


40* SA, Mw 3.500 


No swelling 




2 


30% SA, Mw 3,500 


No swelling 




3 


20% SA, Mw 3,500 


Some swelling 


2S 


4 


10% SA, Mw3,S00 


Reject-rubbery gel 




6 


20% SA. Mw 3,5004-20% SS 


No swelling, some crystals 




6 


20% SA, Mw 3,500+10% SS 


No swelling, some crystals 




7 


15% SA, Mw 3,500+20% S3 


No swelling, some crystals 


30 


e 


15% SA, Mw 3,500+15% SS 


Reject-dissolves to form gel 


9 


40% 20-leobuTylmethacrylale/80-SA Mw 4,000 


No swelling 




10 


30% PVP 


Slight dissolution 




11 


40% 20-AMPS/eO-SA, Mw 3.063 


No swelling 




12 


40% 40-AMPS/60-SA, Mw 4.421 


No swelling 


3i 


13 


40% ACM 


Reject-dissolves 




U 


40% 20-MelhylBcrylate/80-SA 


Re|ect-diGSolves 




15 


25% PVA 


Reject-dissolves 




16 


25%PVA+16%SS 


ReJeet-PVA precipitates 


AO 


17 


25% PVA+1S% PEG Mw 20,000 


Reject-dissolves to form gel 


ia 


30% NVNMA 


Dissolves on prolonged standing 




19 


40% SA, Mw 4,120 


No swelling 




ao 


40% SA, Mw 1 .743 


No swelling 




21 


40% 95 SA. 5 PEQ. Mw 20,000 


No swelling 


■IB 


23 


40% 75 SA. 25 PEG. Mw 20,000 


No swelling 




23 


40% 50 SA, 50 PEG. Mw 20.000 


Slight swelling 



From this it Is apparent that 4, 8, 1 4, 1 5 to 1 8 ware inoperable, 3, 10. 1 3 and 24 were operable provided the process 
WHS conducted carefully and quickly and the others ware satisfactory. 
Tests 1 0 and 1 3 to 18 are comparative. 

Example 3 

The process of Example 1 was repeated but using various gei polymers and aqueous media with the results shown 
« in Table 3, 
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TABLE 3 





Gol polymer 


Aqueous medium 


Observallon of fluid milled 
dispersion 


1 


SA(IV12) 


40% SA. Mw, 3,500 


Gels ofl prolonged standing 


2 


SA{IV12) 


40% DADMAG. MW 80,000 


No swelling 


3 


S0AN^PS-£0ACM(IV10) 


40% SA, Low Mw 


No ewslling 


i 


50 SMA-50 ACM (IVS) 


40% SA, Low Mw 


No swolling 


5 


3D 6% ACM MVlS^ 


40% SA Mw 3 500 


No swelling 


c 
o 


on AO/ Ar^kn /IV/lA\ 
JU.O /o AL#M ^1 V IDJ 


**\Jvo UAUMMv^i fVIW DW|Vww 


INQ BWBIIinu 


7 


cU O/b /^WlVf \IV 10} 


OC(V DWA 






JU D% AwM (IVib) 


OnOZ. DV/D 


no swelling 


9 


3b% fc3 QUVlAhA MeCI/47 AC^M 


41)% UALJV1AL«, IvIWSU.LKJU 


iNO swelling 




/|wi 






10 


35% 53 QDMAEA MoCI/47 ACM 


30% UDMAEMA MsCI 


SHghi swelling 




(IV13) 






11 


35% 53 QDMAEA MeCIM7 ACM 


20% QDMAEA DMS' 


Reject -dissolves 




(IV13) 






IS 


32% 4 ODMAEA-MeCI/96 ACM 


40% DADMAC 


No swelling 




(IV7) 






13 


3S7o 20 OADMAC/80 ACM (IV6) 


Aqueous Polyethylenelmlne 


No swelling 


1A 


50% QOMAEA MeCI (IV6) 


Aqueous Polydimethylamlne 


No swelling 






splchlorhydrin 




15 


35% 30 MAPTAC/70 ACM (IVS) 


Aqueous DADMAC, Low Mw 


No swelling 


16 


35% 30 DMAPMA ViHaSO^/TO 


Aqueous DADMAC, Low Mw 


No swelling 




ACM (IV6) 







Footnotes lo Table: 

' A 20% solution of these polymers had a viscosity of 5 Pa-s 

All oi these except 12 were operable but it was deelreble to eemplele processsa 1, 6 and 11 relatively quickly 
Teste 7 and 6 are comparative. 



Example 4 

Copolymers of varying proportions of sodium acrylate and acrylamlde, possibly contaminated with trace amounts 
of sodium aerylaie, were made by conventional gel polymerisation as a mass of aqueous gel. 1,000 grams of the 
aqueous gel was comminuted In 2,000 grams of a 40% by weight solution of sodium polyaerylate having an average 
molecular weight of about 3,500 using an in-line Sllverson mixer The resultant slurry was allowed lo stir for !<■ hour 
during which time water transfer from the gel Into the sodium polyaerylate had reached an equilibrium The slurry was 
centriluged In a basket centrifuge at about 5,000 rpm. The resulting cenlrituged gel was analysed tor solids content. 
The increase in solids content of the gel particles was recorded. The results are are given Table 4. 



TABLE 4 



m. ratio SA:ACM 


IV 


Solids content of gel% 


Before 


Alter 


Increase 


50:50 


16 


35.3 


48.5 


13.2 


33:67 


IS 


34.1 


51 


16.9 


4:96 


12 


33.1 


60 


26.9 


0:100 


16 


31.3 


60 


23,7 



ss ExHmple 5 

A 46% solids content aqueous gel wsa prepared by the polymerisation of 30 parts acrylamide end 20 pans sodium 
acrylate in the presence of 50 pans potato starch acetate. This was minced Into small particles of about 5 mm and 
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dispersod in iwlce Its volume of a iO% aqueoua solution of sodium polyacrylaie having molecular welghi about 3,600, 
The fiiiJrture was passed through a Silverson laboratory homogeniser and the resultant slurry filtered and the gel par- 
ticles dried to give a free flowing granular polynner. 

s Example 6 

100 grams ol polyacrylamidB gal having 31% solids content were cut In 200 granns of a 40% solution of sodium 
polyacrylata having molecular weight about 3,S0O using a Silvorson mixer. The mixture was then transferred to a 500 
ml resin pot and 9.5 grams of 46% sodium hydroxide was added. The mixture was heated to reflux and the ammonia 
'0 that was evolved was collected and titrated against tM HCI. When ammonia evolution ceased the reaction mix was 
cooled, the gel filtered and dried. The dried gel was ground and sieved to give a powder having a parlicis size range 
oetwcen I50and710)jm. The powder gave good diapersibllity at 1% concentration in water and dissolved rapidly and 
eampletoly. Upon analysis the powder was found to contain 27.6 mole porcont sodium polyecrytate. 

'S Example 7 

A cationic gel polymer was formed from 76.4% by weight acryjamida and 23.6% by weight dimethyl amino athyl 
acrylata quaternised with methyl chloride and was a 39.6% by weight solids content gel having IV about 12. 500 g of 
ihlB gal was passed through a mixer with a 5 mm multiple aperture plate to give strands of gel which were then cut 

so manually to shorter lengths. These pieces were added over 22 minutes to to 1 ,000 gg ol a 42.7% by weight aqueous 
solution ol polydiallyl dimethyl ammonium chloride in a laboratory homogeniser having a 9.5 mm 6-apenure head 
When the addition was completed the homogeniser was operated for a further 3 minutes, and tha slur^ was then 
gently agitated for 1 hour The slurry was filtered through a nylon mesh to yield a deer liquor and the processed gal 
was separated as discrete individual partiolae. The dry weight ol the gel had increased from 39.6% before the process 

ss to 50.0% after the procoss and the dry weight of the cutting medium had dropped from 42.7% to 40.6%. 



Claims 

3C 1. A process In which a water soluble or water swellable high nnolecular weight polymer ie dispersed Into a liquid 
phase to form a fluid composition comprising the polymer in the form of gel panicles Interconnected by the liquid 
phase and the polymer is worked while present as the fluid composition, characterised In that the gel panicles 
have a size during the working of at least 20 ^m and the liquid phase is an aqueous solution Of an equilibrating 
agent that substantially prevents aggregation ol the particles or dissolution ot the polymer during working, (he 
concentration of equilibrating agent in the aqueous solution Is above 10% but below 70% by weight, the ratio (dry 
woighl) of high molecular weight polymer to equilibrating agent is from 1:0.3 to 1;10, the raiio (by weight) of the 
aqueous solution to gel particles is from 0.5:1 to less than 10:1, and the gel polymer and equilibrating ageni are 
selected from the combinations of gel polymer and equilibrating agent consisting of: (a) the gel polymer is an 
anionic polymer and the equilibrating agent is selected from a water soluble anionic polymer of ethylenlcally un- 

■*o saturated monomers, a blend of water soluble cationic polymer ol ethylenlcally unsaturated monomers with Inor- 

ganic salt, or polydlallyldlmeihyl ammonium chloride: (b) the gol polymer Is a cationic polymer and the equilibrating 
ageni is selected from a water soluble cationic polymer ot ethylenlcally unsaturated monomers, polyeihy lone imlne, 
polydimsthylamlne eplchlorhydrin, or a blend of water soluble anionic polymer ol olhylenically unsaturated mon- 
omers with Inorganic salt: (c) the gel polymer Is a non-Ionic polymer and the equilibrating agent is a water soluble 

*s anionic polymer of ethylenlcally unsaturated monomers or a water soluble cationic polymer of ethylenlcally un- 
saturated monomers; and (d) the gel polymer is a cellulosic or starch polymer and the equilibrating agent Is a water 
soluble anionic polymer of ethylenlcally unsaturated monomers. 

2. A process according lo Claim 1 in which the working comprises milling the gsl and separating the milled gel particles 
from the aqueoua medium. 

3. A process according to Claim 1 in which the working comprises panlally drying the gel by holding tha particles In 
the aqueous medium and by using, as the aqueoua medium, a solution that draws water out of the gel panicles, 
and than separating the partially dry panicles from the gel, 

55 

4. A procoss according to Claim 2 or Claim 3 in which the separated particles are further dried. 

6. A procoss according to Claim 4 in vi^ich the panicles are dried by air or by azootroping while dispersed in a non- 
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aqueous liquid. 

6. A procoss according to Claim 1 in wMch iha worl<lng compf Ises oxtracilng water soluble Impurities from the gel by 
holding the panicles In the aqueous medium. 

7. A process according to Claim 1 in which the working comprises transporling the polymer by flowing the fluid com- 
position from one point to another, 

8. A procees according to Claim i in which the working comprises subjecting a polymer to chemical modification 
whilst in the aqueous medium. 

9. A process according to any preceding claim in which the gel polymer and equilibraling agent are soloeiod from 
the combinations consisting of (a) the gel polymer is an anionic polymer and iho equilibrating agent is a water 
soluble anionic polymer of ethyierically unsaturated monomers, (b) the gel polymer Is a catlonic polymer and the 
equilibrating agent Is a water soluble catlonic polymer of eihylonleally unsaturated monomers, polyethylene imins, 
or polydimethylamine epichlorhydfin reaction product, (c) the gal polymer is s non-ionic polymer and the equili- 
brating agent is a water soluble anionic polymer of aihylenlcally unsaturated monomers or a water soluble eationic 
polymer of ethylenically unseturated monomers, and (d) the polymer Is a ceiiulosic or starch polymer and the 
equilibrating agent is a water soluble anionic polymer of ethylenically unsaturated monomers. 

10. A process according to Claim 9 in which the gel polymer is an Ionic polymer and ths equilibrating agent is a co- 
iorie water soluble polymer, or the gel polymer is a non-ionic polymer 

11 . A process according to Claim 9 in which the gel particles ere of a high molecular weight water soluble ionic polymer 
and the equilibrating agent comprises a dissolved ionic polymer in an amount of at least 0,5 parts per part by 
weight of the high molecular weight polymer and also comprises an inorganic salt when the dissolved ionic polymer 
IS counterlonic to the gel polymer. 

1 2. A process according to Claim 9 In which the gel polymer Is catlonic and the equilibrating agent is polydiaiiyi dimethyl 
ammonium chloride, 

13. A process according to Claim Q in which the gal polymer is anionic and the equilibrating agent Is present in an 
amount of at least 0.3 parts per pan by weight of the gel polymer and Is selected from water soluble anbnic 
polymers of ethylenically unsaturaled monomers. 

14. A process according to Claim 9 in which the aqueous medium is a solution of 15 to 55% by weight sodium poly- 
acrylale and the high molecular weight polymer is a polymer or sodium acrylate optionally copolymerised with one 
or more non-ionic or anionic monomers, 

15. A process according to Claim 9 in which the aqueous medium Is a solution of 10 to 50% by weight poly'diallyld- 
imelhyl ammonium chloride and ths high molecular weight polymer is selected from polymers and copolymers of 
dialkyiamlnoalkyl -acrylatee and -methacrylates and acid addition and quaternary ammonium salts thoreol. 

16. A process according to any preceding claim In which the ratio (dry weight) high molecular weight polymer to equil- 
ibrating agent is from 1:0.6 to 1:10 and the ratio by weight ol Iho aqueous solution to the gel panicles Is from 1:1 
to less than 10;1, 



PatentansprQche 

1. Verl;ihren. in dam sin wasserldsliches Oder mil Wasser quellbares Polymer mil hohem Molekulargewichi in sine 
flOssige Phase eindlspergleri wird, wobei eine flussigs Zusammensetzung gebildet wird, welche etes Polymer in 
Form von Gelteilchen, die durch die flQssige Phase mitelnandsr verbunden aind, umfaiJt und worin das Polymer 
vsrarbaitet wird, solange es In Form der flOssigen Zusammensel/ung vorliegi, dadurch gekennzslehnet, daQ die 
Goltollchen wahrend der Vorarboitung eine Gr63e von mindestens 20 \im aufwolsen und die flOssige Phase sine 
waDrigo Losung oinos Aquillbrierungsmlttols let. welches eine Aggregation der Taik:hen Oder eine Auflosung des 
Polymers wahrend der Vorarboitung im wesonlllchon vorhindert, die Kon2omraiion des Aquilibrierungsmlttels in 
der wallriger Losung oberhalb von 10 aber uniorhalb von 70 Gowichlsprozsnt liegi. das Vorhaitnis (Trockenge- 
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wichi) von Polymer mil hohem Molekulargewicm zu Aqulllbrlerungsmmel Im Bereich von 1:0.3 bis 1:10 liegl, das 
(Qowichle •)Verhaltni3 der waOrtgen Ldsung iu den Qelteilchen im Bereich von 0,5:1 bis weniger als 10: 1 llegi und 
das Galpotymer und das Aquilibrierungsmiitel ausgevi^hli sind aus den folflonden Komblnailonen aus Qelpolymer 
und Aquilibrierungsmiuel: (a) dae Gelpolymer 1st ein anlonisches Polymer und das Aquilibriarungsmitlsl isl aus- 
gewahll aus ainem wasserlOBllchen anionlschen Polymer von ethylanisch ungasattigtan Monomeran, einer Mi- 
schung von wasaerlfialichem kationischem Polymer von ethylenlsch ungesanigtan Monomeren mit anorganlschem 
Salz Oder Polydlallyldimethylammoniumchlorid; (b) das Gelpolymer (st ein kationisches Polymar und das Aquili- 
brierungsmiuel ist ausgewahit aue einem waaeeflbsllchen katlonleehen Polymer von oihylenlach ungeeflillgien 
Monomeren, Polyeihylenimin. Polydimelhylamin-Epichlorhydrin oder einer Mischung von wa8«erl6«iichem anio- 
niscnom Polymar von eihylenisch ungeeSnigien Monomeren mil anorganlechem SbIz; (c) dae Gelpolymer Ist ein 
nichl-ionischos Polymer unddae Aqullibrlerungamitlel lat ein waaserloalichee enionischea Polymer von ethylenlsch 
ungosaltiglen Monomeren oder ein wasserlosliches kalionischos Polymer von elhylenisch ungesaltigten Mono- 
moron: und (d) das Gelpolymer Isl ein Cellulose- oder Stflrkepolymer und das Aquillbrlerungsmltlol isl ein was- 
serlosliches anionisches Polymer von elhylenisch ungasalliglen Monomeren, 

vartanren nach Anspruch l, in dem die Verarbeitung das Mahlen des Gels und die Abirennung dar gamahianen 
Qelteilchen von dam virer3rlgen Medium umta3l. 

Verlnhron nach Anspruch 1 , In dem die Verarbeitung die lellwelse Troeknung das Gels durch Aulbowahrung der 
Teilchen in dem wa3rigen Medium umlaBl, wobei ala waUriges Medium alne Lfiaung Verwendung findel, welche 
Waaasr aua den Qelteilchen abzieht.und wobel anachller)end die lellwelee gatroekneten Teilchen von dem Gel 
abgelrenni werden. 

VsrfHhten n»ch Anspruch 2 Oder 3, In dem die abgetrennten Teilchen anschlie3end getrocknet worden. 

Vortahren nach Anspruch 4, in dem die Teilchen durch Luft oder azeotrop, wflhrend man sio in oiner nichl-wafJrigen 
FiOeslgkelt dieperglert, gexrocknei werdon. 

Verfahren nach Anspruch 1, In dem die Verarbeitung die ExtraKtion von vtrasserlfisllchen verunrelnlgungen aus 
dem Gel durch Autbewahrung der Teilchen in dem waOrigon Medium umfalBl. 

Verlahren nach Anspruch 1 , in dem die Verarbeitung den Transport das Polymers durch Strdmenlassen der fioa- 
elgen Zusammanseizung von einem Punkl zu einem anderen umfaOi, 

Vorfflhren nach Anspruch 1, in dem die Verarbeitung umfaBi, daU man das Polymer einer chamischen Modifizle- 
rung unierwirft, wahrend as sich in dem warJrigen Medium befindst. 

Verfahren nach Irgendeinem der vorhergehendan AnsprOche, in dem das Gelpolymer und das Aquilibrierungsmiuel 
ausgewahit Bind aus Kombinaiionen. die bestehen aus: (a) das Qelpolymer lai ein anionisches Polymer und das 
Aquillbrlerungemlttel Ist ein wasserldsliches anionisches Polymer von elhylenisch ungesaltigten Monomeren, (b) 
das Gelpolymer ist ein kaiksnisches Polymer und das Aquillbrlerungsmiitel Ist ein wasserlosliches katlonlEches 
Polymer von ethylenlsch ungesaiiigien Monomeren. Polyethylonimin oder Polydimeihylamln-Epichlorhydrln. (c) 
dae Gelpolymer ist ein nicht-ionisches Polymer und das Aquilibriarungsmittol Ist ein wasserlosliches anionisches 
Polymer von elhylenisch ungosattiglon Monomeren oder ein wasserlosliches kationisches Polymer von ethyle- 
nlsch ungesfiitlgten Monomeren und (d) das Poiymor ist ein Cellulose- oder Starkepolymer und das Aquilibrie- 
rungemltlel iet ein wasserlosliches anionisches Poiymor von elhylenisch ungesaltigten Monomeren. 

Verfahren nach Anspruch 9, in dem das Qelpolymer ein lonisches Polymer und das Aquilibrierungsmiuel ein colo- 
nisches wasserlosliches Polymer ist, oder das Gelpolymer ein nichl-ionisches Polymer isl. 

Verfahren nach Anspruch 9, in dem die Gelieilchen aus einem wasserkislichan ionischon Polymer mil hohem 
Molakuiargewicht bestehen und das Aquilibrierungsmiuel ein gelosies lonisches Polymer in einer Menge von min- 
destens 0.5 Toilen pro Gawichtsteil des Polymers mit hohem Molekulargewlcht umlaUt und zusaizlich ein anorga- 
nisches Saiz umfaDt. wann das geldste ionlsche Polymer gegenionisch zu dem Qelpolymer Ist. 

Verfahren nach Anspruch 9, in dem dae Golpolymer kationlsch iei und das Aqullibrlerungsminel Polydialiyidime- 
thylammoniumchlorkl isl. 
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13. Verfahren nach Anspruch 9. in dem das Gelpolymer anionlsch Isl und das AquHlbrlerungsmlnel in einer Menge 
von mindesiens 0,3 Tellen pro Gewlchistell des Oelpolymers vorliegt und ausgewdhll 1st aus wassertfisllchen an- 
ionischen Poiymaren von aihylenlsch ungesSnlgten Monomeren, 

14. Verfahren nach Anspruch 9, In dam das waOriga Medium eina Losung von 15 bis 56 Gawlchisprozent Natrium- 
polyacrylai Isi und dae Polymer mil hehem Molekulargewlcht ein Polymer von Natriumaerylal iet, welches gege- 
benenialls mil ainem Oder mehreren nicht-ionischen oder anionischen Monomeren copolymerislen isl. 

18. Verfahren nach Anspruch 9, in dam das wiDrige Medium eina Loaung von 10 bis SO Qowlchteprozeni Polydlallyl- 
dimoihylammofllumehlorld Isl und das Polymer mil hohem Molekulargewlcht ausgewahit ist aus Polymoren und 
Copolymeren von Dialkylamlnoalkylacrylaten und.-mathacrylaton undderen Sdureadditlons- undquaternaren Am- 
moniumsaizon. 

18. Verlahran nach Irgandelnem dsr vorhargahanden AnsprOche. In dem das Verhaltnis (T rockengewicht) von Polymer 
mil hohem Molekulargawicht zu dem Aquiiibrisrungsmluel Im Berelch von 1:0.5 bis 1:10 und das Qawlchlsvarhdli- 
nis V0I1 waQriger Losung zu Gelteilchen im Berelch von i :i bis waniger ais 10: 1 ilegen. 

Revendieationa 

1. Un proc^dd dans laquel un potymdre de haut polds moldculaira soluble ou gondable dane I'aau asl disperse dsns 
une phuee liquide pour former une composition flulde compr8r>ant le polym&re sous la forma da parllcules de gel 
inierconnect^es par la phase liquide et le polymdre est translormd landis qu'il est sous la forme de la composition 
fluldo. caraci^rled en ce que les particules de gal oni une dimension pendant la iransformalion d'au moins 20 ^m 
et la phase liquide est une solution aquouso d'un agent d'dquilibrage qui empScho pratlqusment I'agglom^ration 
des particules ou la dissolution du polymdre pendant la transformation, la concentralion de I'agent d'dqulllbrage 
dans la solution aqueuse ast supdrleure d 10 7o mais Intdrieure a 70 % en poids, le rappon (en poids sec) du 
polymdro da haul poids nnol^culaire d I'agent d'dquilibraga est de 1 : 0.3 d 1 : 10, le rapport (en poids see) do la 
solution aquouss aux particules de gol est de 0.5 : 1 d moins de 10 : 1 et Is polymdre en gel et rageni d'dquillbrage 
sont cholsis parmi les eomblnalsons sun/antes de polymdro en gel eid'agent d'dquillbrage : (a) le polymdre en gal 
est un polymdre anbnlque et I'agent d'dquilibrage est s^lectionnd parmi un polym6ra anionlque soluble dans I'eau 
de monomdrss ^thyl^niques, un melange de polymdre calionique soluble dans I'eau da monomdres dthyldnlques 
Bvec des sels Inorganlques ou le chlorure da polydiallyldlmdlhylammonium : (b) la polymdre en gel ast un polymdre 
calionique el Tagenl d'6quilibrage est un polymdre calionique soluble dane I'eau da monomdres dlhyldniquas. la 
polydihyldneimlne, la polydlm^lhylamina-^pichlorhydrine et un mdianga de polymdre anionlque soluble dans I'eau 
do monomeres ^thyldniques avec un eel Inorganlqus ; (c) le polymdre en gel esi un polymdre non lonlque et I'agent 
d'^qullibrags est un polymdre anionlque soluble dans I'eau de monomdres 6lhyldniques ou un polymdre calionique 
soluble dans I'eau de monomdres dthyldnlques ; et (d) le polymdre en gel est un polymdre colluloelque ou d'amidon 
el I'agent d'dguillbraoe est un polymdre anionlque soluble dans i'eau de monomdres dthyldniques, 

2. Procddd sgion la revandlcatlon 1 . dans lequel la transformation conslsie d broyar le gel et a sdparer les panicuies 
do gol broyd du milieu aqusux. 

3. Procddd aelon la revendlcatlon i , dans lequel la transformation consists k sscher pariiellement Is gel en malntenani 
les particules dans Is milieu aqueux et en utljlsant comme milieu aqueux une solution qui extralt I'eau des particules 
de gel et ensulte d sdparer les particules panlellemeni sdchdes du gel. 

4. Procddd sebn la revendication 2 ou 3, dans lequel les particules edpar^ss sont encore sdchdee. 

5. Ptocddd selon la revendication 4, dans lequel les panicuies sont sdchdes & I'alr ou par distillation azdotropiqua 
landis qu'eilas soni diapersdaa dans un milieu non aquaux. 

6. Proc6dd selon la revendication 1 , dans lequel la transformation consists d exiraire du gel les Impuretds solubles 
dans I'eau en malntenani lee panicuies dans le milieu aqueux. 

7. Piocddd solon la revendication 1 , dans lequel la transformation eonsleie d transponor le polymdre par dcoulement 
de la composition fluido d'un point d un autro. 
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8. Proc666 selon la revendicaiion 1 , dans lequel la transformation consiste ^ soumetire un polymers i une modifi- 
cation chimique tandls qu'll ast dans lg milieu aqueux. 

9. Procddd selon I'uns quelconque des revendications pr^c^denlas dans lequsi le polymers en gel et I'agsnt d'dqui- 
librage sont eholsis parmi lee combinaisona suivantes ; (a) le polym&re en gel eat un polym6re anioniqua et I'agent 
d'6quilibrago eat un polymdre anionlque soluble dana I'eau de monomares dlhyldniquae ; (b) le polymdra en gel 
eel un poiymdrs cationique ei I'ageni d'dqulllbrage est un polymdre catior^lque soluble dans I'eau de monomdras 
dthyidnlquee, la polydlhyldnsimine ou un produit da rteciion polydlmaihylamlne-dpichlorhydrine ; (c) le polymdre 
en gel est un polymdre non ionlque at I'agent d'aquillbrage ast un polymare anionlque soluble dans i'eau de mo- 
nom&res athyianlques ou un polym6re caiionlqus soluble dans I'eau da rrKinomdres athyldniques ; el (d) la poly- 
m6ro an gel oat un polymdre celluloelque ou d'amldon et I'ageni d'dquillbrage est un polymare anionique soluble 
duns I'eau de monomdres dthyldniques. 

10. Procddd selon la revendication 9, dans lequel le polymdre en gel est un polymdre ioniquo et I'agent d'dquilibraga 
est un polymdre soluble dana I'eau colonique ou le polymdre en gel est un polymdre non ioniqua. 

11. Procdd6 aelon la revendicaiion 9, dans lequel les particules de gel aonl d'un polymdre ionique soluble dans I'eau 
da haut poids moldeulalre et I'agem d'dqullibrage eomprend un polymdre ionlque diasous en quantild d'au moins 
O.S partia parpania en poids du polymdre d'un haui poids moldculalre at eomprend dgalsment un sel Inorganiqua 
lorsque le polymdre Ionlque dissous est conire-lonique du polymdre en gal. 

12. Procddd salon la revendication 9, dans lequel le polymdre an gel est cationique et I'agent d'dquilibrsgs ast la 
chlorura de polydlallyldlmdihylammonlum 

13. Procddd eolon la revendication 9, dane lequol la polymdre on gel est anionlque at i'agent d'dqulllbragaastprdseni 
en quantitd d'au moins 0,3 partie par panie en poids du polymdre on gel el choisi parmi les polymdres anioniques 
solubles dans I'eau de monomdres dthyidnlques. 

14. Proc6d6aolon la revendicaiion 9, dans lequeile milieu aqueux est une solution d 15-55% en poids do polyacrylaie 
de sodium et le polymdre de haul poids mol6culalro est un potymdra d'acryiaie de sodium faculiativemont copo- 
lymdrisd avec un ou pluaieura monomdres non lonlques ou anionlquas. 

16. Procddd eolon la revendicaiion 9, dans lequel le milieu aqueux est une solution d 10-50 % en poids de chlorura 
da polydiallyldimdlhylammonium at le polymdre de haut poids moidculaire ast cholsl parmi les polymdres et co- 
polymdres d'acryletes ei mdthacrylates de dialkylaminoalkyles et leurs sels d'addition d'acides ei d'ammoniums 
qualsrnairsB. 

1 6. PfOcddd selon I'une quelconque des revendications prdcddenies, dans lequel le rapport (en poids sec) du polymdre 
do haul poids moldculalred I'ageni d'dquilibrage aside 1 O.Sd 1 : 10 etierappon an poids da la solution aqueuge 
aux parlicules de gel est de 1 : 1 d moins da 10: 1. 
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